CONVEYINGAPPARATUS

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to a conwgyapparatus for conveying a
wafer in the inside of a processing apparatus etikie.

Description of the Related Art

In a manufacturing process of a semicoraiwbévice or the like, normally,
wafers are accommodated in a cassette and conveybd state into a variety of
processing apparatuses. Each of the wafers codva@ the processing apparatus
is taken out of the cassette by a conveying mesharand is placed, for example, on
a chuck table adapted to hold the wafer by suctidrhe wafer placed on the chuck
table is processed by a processing unit, and redffter accommodated again in the
cassette. In each of these processing apparatiises,important to adjust the
position, orientation and the like of each wafdatiee to the chuck table, for the
purpose of maintaining the quality of the wafer®gassed. In view of this, a
processing apparatus having a positioning mecharigmwhich the position,
orientation and the like of a wafer relative tohaick table can be adjusted has been
put to practical use (refer to, for example, Japaneatent Laid-Open No. Hei 7-

211766 and Japanese Patent Laid-Open No. 2005-11917

SUMMARY OF THE INVENTION
In the aforementioned processing apparétesposition, orientation and the
like of a wafer are adjusted by the positioning hatsm before placing the wafer
onto the chuck table by a conveying mechanismsuc¢h a positioning mechanism is

provided, however, the processing apparatus woellshéreased in size and cost, and

1



a long time would be required for positioning thafer.

It is therefore an object of the presentemtion to provide a conveying
apparatus by which positioning of a wafer can bdopaed at the time of conveying
the wafer.

In accordance with an aspect of the presemntion, there is provided a
conveying apparatus including: a holding plate hgva holding surface destined to
face a surface to be held of a wafer; a restriatni@mber provided on one end side of
the holding surface, the restriction member adaferbntact a peripheral surface of
the wafer so as to restrict movement of the wafematd the one end side; and moving
means for moving the holding plate. A non-contagte suction holding part is
formed at the holding surface, the suction holgyag adapted to jet a fluid obliquely
to the surface to be held of the wafer so as toentbg wafer in a direction toward the
restriction member and to generate a negative yredsetween the holding surface
and the surface to be held, thereby holding themlay suction, and the fluid is jetted
from the suction holding part so as to abut theewafyainst the restriction member,
thereby positioning the wafer at a predeterminesitiom on the holding plate.

In accordance with an aspect of the presewention, the conveying
apparatus as above preferably has a configuratizerein a sensor for detecting a
notch indicative of crystal orientation of the wafes disposed at a position
corresponding to the peripheral surface of the wafdhe suction holding part
includes: a first suction holding part connectea tituid supply source through a first
suction path provided with a first opening contvalve for controlling flow rate, the
first suction holding part adapted to jet the flinda direction for rotating the wafer in
a first rotating direction; and a second suctiondimg part connected to the fluid
supply source through a second suction path prdwdé a second opening control

valve for controlling flow rate, the second suctlwlding part adapted to jet the fluid
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in a direction for rotating the wafer in a secoothting direction opposite to the first
rotating direction. An opening of one of the fikgbening control valve and the
second opening control valve is set to be gre&i@n &an opening of an other of the
first opening control valve and the second operagtrol valve so as to rotate the
wafer in the first rotating direction or the secornatating direction, and, after
detection of the notch by the sensor, the openirtfeofirst opening control valve or
the second opening control valve is controlled saastop rotation of the wafer,
thereby positioning the notch in a predeterminadntation relative to the holding
plate.

The conveying apparatus according to thesemt invention includes the
holding plate having the holding surface destirethte the surface to be held of the
wafer, and the restriction member adapted to corttee peripheral surface of the
wafer so as to restrict movement of the wafer, wimethe suction holding part is
formed at the holding surface, the suction holgpag adapted to jet a fluid obliquely
to the surface to be held of the wafer so as toentbg wafer in a direction toward the
restriction member and to generate a negative pressetween the holding surface
and the surface to be held, thereby holding theewhl suction. Therefore, by
jetting the fluid from the suction holding part as to abut the wafer against the
restriction member, it is possible to position t&fer at a predetermined position on
the holding plate. In other words, in accordand ¥he conveying apparatus of the
present invention, positioning of a wafer can beied out at the time of conveying
the wafer.

The above and other objects, features ahchrdages of the present
invention and the manner of realizing them will @& more apparent, and the
invention itself will best be understood from adstwof the following description and

appended claims with reference to the attached idgswvshowing a preferred
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embodiment of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view showing schiezally a configuration example
of a processing apparatus including a conveyin@egips;

FIG. 2 is a figure showing schematicallg tonveying apparatus;

FIG. 3A is a partly sectional side view wimy schematically a state in
which a wafer is held by suction;

FIG. 3B is an enlarged view showing scheérally an air jetting direction;

FIGS. 4A and 4B are figures showing scherally a manner in which the
wafer is taken out of a cassette;

FIG. 5 is a figure showing schematicallynanner in which the wafer is
rotated; and

FIG. 6 is a figure showing schematicallpnanner in which a notch of the

wafer is positioned in a predetermined orientation.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

An embodiment of the present invention witww be described referring to
the attached drawings. FIG. 1 is a perspectivev vehowing schematically a
configuration example of a processing apparatufudiog a conveying apparatus
according to the present embodiment. Note thatlewhi processing apparatus
(cutting apparatus) for cutting a wafer is exenigdifin the present embodiment, the
conveying apparatus of the present invention carpriogided in other processing
apparatuses. Naturally, the conveying apparatuth@fpresent invention may be
used alone.

As illustrated in FIG. 1, a processing appas 2 has a base 4 which
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supports each of structures. The base 4 is forated,corner portion on a forward
side, with an opening 4a which is rectangle-shapgidan view, and a cassette mount
6 is disposed in the opening 4a in a liftable mann®n a top surface of the cassette
mount 6 is disposed a rectangular parallelepipegbesth cassette 8 for accommodating
a plurality of wafers 11. Note that only the plefof the cassette 8 is depicted in FIG.
1, for convenience of explanation.

The wafer 11 is, for example, a substagti@rcular plate-shaped substrate
formed of silicone or the like. A front surfaceal(an upper surface in FIG. 1) of the
wafer 11 is divided into a central device regiord an peripheral marginal region
surrounding the device region. The device regisnfurther partitioned into a
plurality of regions by crossing streets (divisiores), with a device 13 such as an IC
being formed in each of the regions. In addititme wafer 11 is formed at a
peripheral edge with a notch 15 which indicatesstalyorientation. Note that the
wafer 11 is not restricted to the one depictechandrawing, but may be other plate-
shaped substrate such as a semiconductor subsiratesin substrate, a ceramic
substrate, etc.

At a lateral side of the cassette mounthére is formed an opening 4b
which is elongate in an X-axis direction (frontsrehrection, or processing feeding
direction). In the opening 4b, there are providedX-axis moving table 10, an X-
axis moving mechanism (processing feeding meart) glmown) for moving the X-
axis moving table 10 in the X-axis direction, andust-proof and droplet-proof cover
12 which covers the X-axis moving mechanism. Thex¥ moving mechanism
includes a pair of X-axis guide rails (not showa)ailel to the X-axis direction, and
the X-axis moving table 10 is slidably disposedtba X-axis guide rails. A nut
portion (not shown) is provided on the lower suefaade of the X-axis moving table

10, and the nut portion is in screw engagement antkX-axis ball screw (not shown)
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parallel to the X-axis guide rails. An X-axis pailsiotor (not shown) is connected to
one end portion of the X-axis ball screw. With Xaxis ball screw rotated by the

X-axis pulse motor, the X-axis moving table 10 isv&d in the X-axis direction along

the X-axis guide rails.

Over the X-axis moving table 10, there ievded a chuck table 14 for
holding the wafer 11 by suction. The chuck tabdeisl connected with a rotational
drive source (not show) such as a motor, and &edtabout a rotational axis parallel
to a Z-axis direction (vertical direction). Besidethe chuck table 14 is put to
processing feeding in the X-axis direction by tHer@mentioned X-axis moving
mechanism. A front surface (top surface) of theckhtable 14 is a holding surface
14a on which to hold the wafer 11 by suction. Tbé&ling surface 14a is connected
to a suction source (not shown) through a flow gatit shown) formed in the inside
of the chuck table 14.

In the processing apparatus 2, a convegpparatus 16 for taking out the
aforementioned wafer 11 from the cassette 8 andeyamg the wafer 11 to the chuck
table 14 is provided at a position close to thenope4b. The wafer 11 conveyed by
the conveying apparatus 16 is mounted on the hypltable 14 so that the front
surface 1la thereof is exposed to the upper siolegekxample. The conveying
apparatus 16 will be described in detail later.

On the top surface of the base 4, a gapeshfirst support structure 18 is
disposed straddling the opening 4b. A first r@ilgarallel to a Y-axis direction (left-
right direction, or indexing direction) is fixed twna front surface of the first support
structure 18, and a first holding unit 24 is corteddo the first rail 20 through a first
lift unit 22.  The first holding unit 24 is moved the Z-axis direction by the first lift
unit 22, and is moved in the Y-axis direction aldhg first rail 20. For instance, a

wafer 11 conveyed from the cassette 8 by the congegpparatus 16 is transferred to
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the first holding unit 24, and is placed on theathtable 14.

On a front surface of the first supportisture 18, a second rail 26 parallel
to the Y-axis direction is fixed over the firstIrdD, and a second holding unit 30 is
connected to the second rail 26 through a secdndriit 28. The second holding
unit 30 is moved in the Z-axis direction by thea@at lift unit 28, and is moved in the
Y-axis direction along the second rail 26.

On the rear side of the first support dtieee 18, a gate-shaped second
support structure 32 is disposed. On a front sarfaf the second support structure
32, two blade units 36 are provided through eacimoting units 34. The blade
units 36 are moved in the Y-axis direction andZkexis direction by the moving units
34. Each of the blade units 36 has a spindle ghotvn) supported in a rotatable
manner. An annular cutting blade 38 is mounteohi® end of the spindle. A motor
(not shown) is connected to the other end of thedép and the cutting blade 38 is
rotated by a rotating force transmitted from thetono With the cutting blade 38
rotated and caused to cut into the wafer 11 sudield by the chuck table 14, the
wafer 11 can be processed.

At a position on the opposite side of tiperng 4b from the opening 4a,
there is formed a circular opening 4c. A cleaning 40 for cleaning the wafer 11 is
disposed in the opening 4c. The wafer 11 processethe cutting blade 38 is
conveyed to the cleaning unit 40 by the secondihgldinit 30. The wafer 11
cleaned by the cleaning unit 40 is transferredht donveying apparatus 16 by the
first holding unit 24, and is conveyed into thesite 8.

FIG. 2 shows the conveying apparatus l@rselically. The conveying
apparatus 16 has a holding plate 52 for holdingataer 11. A surface on one side
(a top surface in the present embodiment) of theimg plate 52 constitutes a holding

surface 54 which faces a surface to be held (a rlosweface in the present
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embodiment) of the wafer 11 and on which the wafers held by suction. On one

end side of the holding surface 54, there is disgas restriction member 56 which

restricts movement of the wafer 11 in a directi@nafiel to the holding surface 54.

The restriction member 56 has a side surface 56shaped as to correspond to a
peripheral surface of the wafer 11. With the pegnal surface of the wafer 11

abutted against the side surface 56a, the wafas Jibsitioned at a predetermined
position on the holding plate 52.

A moving arm (moving means) 58 is connediedne end side of the
holding plate 52 and the restriction member 56. e Tiolding plate 52 and the
restriction member 56 are moved in each directiprthe moving arm 58. In the
holding surface 54, there are formed first jet pdfirst suction holding parts) 54a and
second jet ports (second suction holding parts)fédetting air (fluid) obliquely to a
surface to be held of the wafer 11. In additioplwality of auxiliary jet ports 54c
and 54d for jetting auxiliary air for preventingntact between the wafer 11 and the
holding surface 54 are provided in the holding acef54.

The first jet ports 54a and the auxiliaey ports 54c are connected to an air
supply source (fluid supply source) 64 throughrst uction path 62a provided with a
first opening control valve 60a for controlling thew rate of air.  On the other hand,
the second jet ports 54b and the auxiliary jetgb4d are connected to the air supply
source 64 through a second suction path 62b prowdéh a second opening control
valve 60b for controlling the flow rate of air. d@itefore, when the surface to be held
of the wafer 11 is set facing the holding surfadeamd the openings of the first
opening control valve 60a and the second opening@ovalve 60b are controlled, air
can be blown to the surface to be held of the whfer

When flow velocity of air flowing throughgap between the surface to be

held of the wafer 11 and the holding surface 54ised, the pressure inside the gap is
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lowered according to Bernoulli’'s theorem. Therefdsy controlling the openings of
the first opening control valve 60a and the secopdning control valve 60b to
generate a predetermined negative pressure inaihdetween the surface to be held
of the wafer 11 and the holding surface 54, theewdafl can be suction held by the
holding plate 52. Note that the holding plate 52fermed with a plurality of
through-holes 54e piercing through the holdinggB2 from the holding surface 54
to a surface opposite to the holding surface 5%erdfore, part of air blown to the
surface to be held of the wafer 11 is releasedutiitrdhe through-holes 54e to the side
of the surface opposite to the holding surface 54.

FIG. 3A is a partly sectional side view witmy schematically a state in
which the wafer 11 is held by suction, and FIG. i8Ban enlarged view showing
schematically an air jetting direction. Note tRkd®. 3B shows region A of FIG. 3A
in an enlarged form. As shown in FIG. 3B, airijgjtdirection B in the first jet ports
54a is inclined toward one end side (the restmctizember 56 side) of the holding
surface 54. The air injecting direction in the@®t jet ports 54b is also inclined.
Therefore, when air is blown from the first jet {gob4a and the second jet ports 54b
onto the surface to be held of the wafer 11, théewal is moved in a direction
toward the restriction member 56. As a resulteapheral surface of the wafer 11
can be abutted against the side surface 56a oégliection member 56, and the wafer
11 can thereby be positioned at a predetermineitiggosn the holding plate 52.

Note that the air jetting direction B aetfirst jet ports 54a is inclined to a
direction for rotating the wafer 11 in a first rttey direction (for example, clockwise
in plan view). On the other hand, the air jettdigection at the second jet ports 54b
is inclined to a direction for rotating the wafet ih a second rotating direction (for
example, counterclockwise in plan view) oppositetlie first rotating direction.

Therefore, when the opening of one of the firstropg control valve 60a and the
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second opening control valve 60b is set to be greéhain the opening of the other, the
wafer 11 can be rotated in the first rotating dicor the second rotating direction.
As illustrated in FIG. 2, a notch detecting ser®®@rfor detecting the notch 15 in the
wafer 11 is disposed at a position correspondintpeégoeripheral surface of the wafer
11 so that the orientation of the wafer 11 can lgusted by utilizing the
aforementioned rotation. In adjusting the oridotabf the wafer 11, first, the wafer
11 is rotated in the first rotating direction oetkecond rotating direction, and the
notch 15 is detected by the notch detecting seBBor Thereafter, the opening of the
first opening control valve 60a or the second opgrontrol valve 60b is controlled
at an arbitrary timing, and the rotation of the evafl is stopped, whereby the notch
15 can be positioned in a predetermined orientagtative to the holding plate 52.

In addition, a wafer detecting sensor 68detecting whether the wafer 11
is present or absent is provided at the holdingasar54 of the holding plate 52.
Note that the notch detecting sensor 66 may beigedvwith the function of the
wafer detecting sensor 68. In that case, the widtacting sensor 68 can be omitted.

A procedure of conveying the wafer 11 bg #forementioned conveying
apparatus 16 will now be described. FIGS. 4A aBdillustrate schematically a
manner in which the wafer 11 is taken out of thesete 8. First, as shown in FIG.
4A, the holding plate 52 of the conveying appardi6ss inserted into the inside of
the cassette 8, and the holding surface 54 is nwaféee the surface to be held (lower
surface) of the wafer 11. Next, the holding p&geis brought closer to the surface
to be held of the wafer 11 to such an extent asamebntact the surface to be held,
and air is jetted from the first jet ports 54a dine second jet ports 54b to the surface
to be held of the wafer 11. As a result, a predateed negative pressure is
generated in a gap between the surface to be lidliteovafer 11 and the holding

surface 54, and the wafer 11 is held onto the hglgiate 52 by suction. In addition,
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the wafer 11 is abutted against the restriction bemd6, and is thereby positioned at
a predetermined position on the holding plate S%ote that in holding the wafer 11

on the holding plate 52 by suction, a control mayplerformed such that air is jetted
after the wafer 11 is placed on the holding pl&grtiamely, after the holding surface
54 is brought into contact with the surface to bkllof the water 11).

After the wafer 11 is positioned at a ptedmined position on the holding
plate 52, the orientation of the wafer 11 is adjdst FIG. 5 is a figure showing
schematically a manner in which the wafer 11 isatedd, and FIG. 6 is a figure
showing schematically a manner in which the notslofithe wafer 11 is positioned in
a predetermined orientation. Note that in FIG&n#8 6, devices 13 and the like on
the wafer 11 are omitted. For instance, the omeafrthe first opening control valve
60a is set to be greater than the opening of tbenskopening control valve 60b, and
the wafer 11 is rotated in a first rotating direatiC, as shown in FIG. 5. Then, the
notch 15 of the wafer 11 is detected by the no&teaing sensor 66. Subsequently,
the opening of the first opening control valve @& the opening of the second
opening control valve 60b are controlled to be rwriglly the same, so as to stop the
rotation of the wafer 11 as shown in FIG. 6. Héhne, control of the openings of the
first opening control valve 60a and the second oygeoontrol valve 60b is carried out
at such a timing that the notch 15 is positionedaidesired direction, taking into
account the timing of detection of the notch 15ty notch detecting sensor 66, the
rotational speed of the wafer 11 and the like. tldg operation, the notch 15 of the
wafer 11 is positioned in a predetermined orieatain relation to the holding plate
52.

As has been described above, the convegppgratus 16 according to the
present embodiment includes the holding plate 5Znigathe holding surface 54

destined to face the surface to be held of the miifeand the restriction member 56
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which contacts the peripheral surface of the wafeso as to restrict movement of the
wafer 11. The holding surface 54 is formed thengith the first jet ports (first
suction holding parts) 54a and the second jet gedsond suction holding parts) 54b
which jet a fluid obliquely to the surface to bddef the wafer 11, so as to move the
wafer 11 in a direction toward the restriction m&mb6 and to generate a negative
pressure between the holding surface 54 and thHacguto be held, thereby holding
the wafer 11 by suction. Therefore, by jetting (Hwid) from the first jet ports 54a
and the second jet ports 54b so as to abut therWafagainst the restriction member
56, the wafer 11 can be positioned at a predeteadposition on the holding plate 52.

In addition, the conveying apparatus 16 oediog to the present
embodiment is provided with the notch detectingsee6 for detecting the notch 15
indicative of the crystal orientation of the wafét. Therefore, by setting the
opening of one of the first opening control vai@a@nd the second opening control
valve 60b to be greater than the opening of therdihthereby rotate the wafer 11 in
the first rotating direction or the second rotatidigection and by controlling the
opening of the first opening control valve 60alw second opening control valve 60b
to thereby stop the rotation of the wafer 11 affer detection of the notch 15 by the
notch detecting sensor 66, the notch 15 can beiqed in a predetermined direction
relative to the holding plate 52.

Thus, in the conveying apparatus 16 acogrth the present embodiment,
positioning can be performed at the time of convgythe wafer 11. In other words,
it is unnecessary to separately provide a posiigpmechanism, so that the processing
apparatus 2 can be restrained from being increaseize and cost. In addition,
since the wafer 11 can be positioned at the timeookeying, the time required for
positioning the wafer 11 can be shortened as comdpéor example, to the case where

a positioning mechanism is separately provided.
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Note that the present invention is notrretstd to the description of the
embodiment above, but can be carried out with uarimodifications. For instance,
while the conveying apparatus 16 such that thestoface of the holding plate 52 is
made to be the holding surface 54 and the lowdaseirof the wafer 11 is held onto
the holding surface 54 by suction has been degtiibéhe embodiment above, the
conveying apparatus of the present invention maygdeonfigured that the lower
surface of a holding plate is provided with a riefttn member and jet ports (suction
holding parts) so as to be a holding surface aadugiper surface of the wafer can be
held onto the holding surface by suction. In ddditwhile the plurality of jet ports
(the first jet ports 54a and the second jet pofts) @re provided as the suction holding
parts in the above-described embodiment, only ebe@rt may be provided as a
suction holding part. In other words, only onetgrcholding part may be provided.

The present invention is not limited to tetails of the above described
preferred embodiment. The scope of the invensasefined by the appended claims
and all changes and modifications as fall withia #guivalence of the scope of the

claims are therefore to be embraced by the inventio
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WHAT IS CLAIMED IS:

1. A conveying apparatus comprising:

a holding plate having a holding surface destined to face a surface to be held
of a wafer;

a restriction member provided on one end side of the holding surface, the
restriction member adapted to contact a peripheral surface of the wafer so as to restrict
movement of the wafer toward the one end side; and

means for moving the holding plate,

wherein a non-contact type suction holding part is formed at the holding
surface, the suction holding part adapted to jet a fluid obliquely to the surface to be
held of the wafer so as to move the wafer in a direction toward the restriction member
and to generate a negative pressure between the holding surface and the surface to be
held, thereby holding the wafer by suction, and

the fluid is jetted from the suction holding part so as to abut the wafer
against the restriction member, thereby positioning the wafer at a predetermined
position on the holding plate;

wherein a sensor for detecting a notch indicative of crystal orientation of the
wafer is disposed at a position corresponding to the peripheral surface of the wafer,

the suction holding part includes:

a first suction holding part connected to a fluid supply source
through a first suction path provided with a first opening control valve for
controlling flow rate, the first suction holding part adapted to jet the fluid in
a direction for rotating the wafer in a first rotating direction; and

a second suction holding part connected to the fluid supply source through a

second suction path provided with a second opening control valve for
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controlling flow rate, the second suction holding part adapted to jet the fluid
in a direction for rotating the wafer in a second rotating direction opposite
to the first rotating direction, and
an opening of one of the first opening control valve and the second opening
control valve is set to be greater than an opening of another of the first opening
control valve and the second opening control valve so as to rotate the wafer in the first
rotating direction or the second rotating direction, and, after detection of the notch by
the sensor, the opening of the first opening control valve or the second opening control
valve is controlled so as to stop rotation of the wafer, thereby positioning the notch in

a predetermined orientation relative to the holding plate.
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